INTRODUCTION {#s1}
============

A recent increase in cancer operations has led to more patients with damaged lymphoid organs. Damaged lymphoid organs disturb activities maintaining lymph balance, by absorbing unnecessary properties in lymphoid tissues, subsequently caus edema in the arms or legs. This symptom is called lymphedema. Lymphedema is the accumulation of protein-rich fluids in the interstitium due to the lack of transport ability in the lymphatic system, and usually develops in one or more areas[@r1], [@r2]^)^. Primary lymphedema is caused by congenital anaplasia, hypoplasia, and hyperplasia in the lymphatic system, and secondary lymphedema is caused by damage to the lymphatic system through infection, inflammation, surgery/cancer/trauma, or radiation treatment[@r3], [@r4]^)^. Once lymphedema occurs, it results in pain, a sense of heaviness, reduced movements, related deformation of joints and muscles, skin contraction, loss of libido, changes in social perception, repetitive infection, and subsequent psychological conflicts and disorders[@r5]^)^. Additionally, although rare, it can even cause death from complications due to the lethal onset of secondary lymphangiosarcoma.

The purpose of the treatment for lymphedema is not to cure it completely but to reduce the size of the edema. Medication is insufficiently effective enough and surgery has its limits. Currently, Complete Decongestive Therapy (CDT) defined by Dr. Foldi in 1989, which includes manual lymphatic drainage (MLD), skin care, therapeutic excercise, and compression stockings, is known as the most effective non-surgical technique in the treatment of lymphedema[@r6], [@r7]^)^. A lasting condition of edema and chronic inflammation from the abnormal accumulation of tissue protein due to lymphedema is loss of muscle flexibility, and as a result, limitations in making movements[@r8],[@r9],[@r10]^)^. Therefore, proper exercise plays a role in maintaining the optimal range of motion (ROM)[@r10]^)^. PNF stretching involves moving within a range without causing pain[@r8], [@r9], [@r11]^)^, and has become an important element in reducing and preventing exercise injuries through enhanced flexibility and the increase in blood flow[@r9], [@r11], [@r12]^)^. Moreover, PNF stretching heightens the accuracy of exercise and muscle activity, in addition to improving body coordination[@r8], [@r12], [@r13]^)^. Therefore, for lymphedema patients, the improvement of their motor competency and ROM in the body parts that develop limited exercise performances may be urgently required.

SUBJECTS AND METHODS {#s2}
====================

###### General characteristics of the subjects

                Group       
  ------------- ----------- -----------
  Age (yrs)     50.2±4.4    53.5±3.6
  Height (cm)   162.0±2.6   161.3±3.5
  Weight (kg)   59.7±4.1    61.3±3.2

The subjects of this study were the patients who were diagnosed with lymphedema in the upper limbs and received rehabilitation treatment at D University Hospital in Busan from March to July, 2012. Among the candidates, those who had pain in the area of lymphedema or did not want to participate in our experiment were excluded. The physical characteristics of the subjects are as shown in [Table 1](#tbl_001){ref-type="table"}. A total of 40 women participated in this study. for Group 1 of 20 subjects performed PNF stretching three times a week for 30 minutes each time. Before the main stretching, they performed wrist turning, basic massage, and joint exercise for about five minutes. Then, they used the PNF techniques of rhythmic initiation (RI), and a combination of isotonic (CI), contract-relax, and hold-relax. Group 2 of 20 subjects only practiced edema reducing massage for 30 minutes. This experiment consisted of a test group that performed PNF stretching and a control group that performed general massage.

In order to measure edema, the same measurer conducted a blind test before and after each treatment. The girths of each upper limb of the proximal and distal parts that are 10 cm from the olecranon were measured. We calculated the decline in the girth of edema by the equation shown below, and used the opposite side with no edema as the base of comparison.

Descriptive statistical analysis was carried out of the general characteristics of the research subjects, such as age, height, and weight, using mean±SEM (standard error of measurement). In order to examine the difference in edema rates according to treatment method and time, the mean±SEM of edema rates according to each treatment time in each treatment method was calculated. Additionally, in order to statistically verify the results, repeated measures ANOVA was employed. Here, to test the differences between each treatment method and time, the Tukey-Kramer post-hoc test was conducted. The statistical significance level used in hypothesis testing was 0.05 and all statistical analyses were carried out using SPSS Version 18.

RESULTS {#s3}
=======

![Mean ± SEM plot of percentage excess volume of the two treatment groups](jpts-25-839_g001){#fig_001}

###### Results of the Tukey-Kramer post-hoc tests of the mean difference between the two groups at the different test times

  Moment     Group (I)    Group (J)   Mean difference (I--J)   95% CI
  ---------- ------------ ----------- ------------------------ ---------------
  4 weeks    stretching   massage     3.11                     (0.18--6.04)
  8 weeks    stretching   massage     5.71\*                   (2.78--8.64)
  12 weeks   stretching   massage     7.62\*                   (4.69--10.55)
  16 weeks   stretching   massage     8.47\*                   (5.54--11.40)

\*: p\<0.05

The mean±SE (standard error) of age of the subjects was 50.2±4.4 years in the group that performed PNF stretching, and 53.5±3.6 in the group that performed massage, and a statistically significant difference existed in age between the two groups. For height and weight, however, no statistically significant differences were observed (p\>0.05).

The results of the statistical significance testing using repeated measures ANOVA are shown in [Table 2](#tbl_002){ref-type="table"}. The differences of edema rates according to treatment method were statistically significant (F=63.49, p\<0.05), and as shown in [Fig. 1](#fig_001){ref-type="fig"}, the PNF stretching group generated a statistically more significant reduction than the massage group. Additionally, the effects of the pre-treatment edema rates on the post-treatment edema rates were statistically significant (F=36.28, p\<0.05). The differences of edema rates according to measurement time were also statistically significant (F=427.74, p\<0.05), and as illustrated in [Fig. 1](#fig_001){ref-type="fig"}, a pattern of reduction in edema rates with the passage of time was exhibited. Furthermore, the interaction between treatment method and treatment time was statistically significant (F=14.61, p\<0.05).

The difference of edema rates between the PNF stretching group and the massage group four weeks after the beginning of treatment was 3.11% and the 95% confidence interval was estimated as. Therefore, the edema rates between the PNF stretching and massage groups four weeks after the beginning of treatment was significantly different. As time progressed the difference in the edema rates between the groups became wider, and the difference in the edema rates between the two groups at every test time was revealed to be statistically significant (p\<0.05).

In addition, the interaction between treatment method and treatment time was significant (p\<0.05), indicating that the changes in the edema rates at different measurement times were different according to treatment method. In this study, the PNF stretching group showed a steeper decline in the edema rate than the massage group.

In other words, if there had been pre-treatment homogeneity in edema rates between the PNF stretching and massage groups, the PNF stretching and massage treatment methods would have shown a statistically significant decline of edema rates between the two groups at every test time after the beginning of treatment. PNF stretching was also revealed to generate a greater degree of decline in edema the massage group than, which also showed a statistically significant decline.

DISCUSSION {#s4}
==========

In this study, massage and PNF stretching treatments were conducted for 40 women with lymphedema who were in their 50s or older over a period of 16 weeks. Compared to the result of the pre-treatment test, declines in edema rates were observed at 4, 8, 12, and 16 weeks after the beginning of treatment the subjects\' lymphedema areas.

Lymphedema is caused by treatments that damage the lymph glands, e.g. mastectomy. Particularly, lymphedema patients experience various symptoms such as a sense of heaviness, swelling, sinking in when pressed, hotness, pricking with a needle, and tearing. As edema progresses, the patients experience weakened function of the shoulder joints, pain, and an increased sense of fatigue. The chances of developing lymphedema are reported to be 2--27% after surgery for breast cancer and 9--36% after radiation treatment. Most of the subjects in this study expressed high interest in active prevention methods and treatments to ward off the symptoms of edema after surgery or treatment. Conventional treatment methods remain inadequate, while exercise therapies using massage and PNF stretching have been proven to be the most effective methods. This study verified that the difference in the declines of edema rates between the massage and PNF stretching treatment methods was statistically significant. Specifically, PNF stretching was revealed to generate a greater degree of decline in the edema rate than massage. Overall, in treating lymphedema, massage and stretching were both proven to be effective. Thus, therapists will need to select a suitable method after examining the muscle strength and flexibility of each individual patient.
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